The following study was conducted to identify risk factors for a postoperative CSF leak after vestibular schwannoma (VS) surgery. MethODs The authors reviewed a prospectively maintained database of all patients who had undergone resection of a VS at the Mayo Clinic between September 1999 and May 2013. Patients who developed a postoperative CSF leak within 30 days of surgery were compared with those who did not. Data collected included patient age, sex, body mass index (BMI), tumor size, tumor side, history of prior tumor treatment, operative time, surgical approach, and extent of resection. Both univariate and multivariate regression analyses were performed to evaluate all variables as risk factors of a postoperative CSF leak. results A total of 457 patients were included in the study, with 45 patients (9.8%) developing a postoperative CSF leak. A significant association existed between increasing BMI and a CSF leak, with those classified as overweight (BMI 25-29.9), obese (BMI 30-39.9), or morbidly obese (BMI ≥ 40) having a 2.5-, 3-, and 6-fold increased risk, respectively. Patients undergoing a translabyrinthine (TL) approach experienced a higher rate of CSF leaks (OR 2.5, 95% CI 1.3-4.6; p = 0.005), as did those who had longer operative times (OR 1.04, 95% CI 1.02-1.07; p = 0.0006). The BMI, a TL approach, and operative time remained independent risk factors on multivariate modeling. cONclusiONs Elevated BMI is a risk factor for the development of a postoperative CSF leak following VS surgery. Recognizing this preoperatively can allow surgeons to better counsel patients regarding the risks of surgery as well as perhaps to alter perioperative management in an attempt to decrease the likelihood of a leak. Patients undergoing a TL approach or having longer operative times are also at increased risk of developing a postoperative CSF leak.
C
erebrospinal fluid leaks remain a common complication following the resection of a vestibular schwannoma (VS) (Fig. 1) . 2, 18 Not only does a postoperative CSF leak lead to additional use of hospital resources and increased cost to the patient, but the presence of a leak may result in patient morbidity, including meningitis or even death. 5, 16 This study was conducted to identify risk factors for a postoperative CSF leak after VS surgery. Identifying such risk factors could help surgeons appropriately counsel patients regarding their risk profile and potentially modify perioperative management in an attempt to reduce the risk of developing a CSF leak.
Methods
Following institutional review board approval, we reviewed a prospectively maintained database of all patients who had undergone resection of a VS at our institution between September 1999 and May 2013. Patients who developed a postoperative CSF leak, either otorhinorrhea or Are there modifiable risk factors to prevent a cerebrospinal fluid leak following vestibular schwannoma surgery?
externally from the wound, were identified. Those patients who developed a delayed leak, defined as more than 30 days after surgery, were excluded from the study. The remainder of patients who did not experience a CSF leak were used as a control group.
Variables that were possibly predictive of a postoperative CSF leak were analyzed, including the following: patient age; sex; body mass index (BMI); tumor size; tumor side; history of prior tumor treatment (surgery or radiation); operative time; surgical approach (retrosigmoid [RS], translabyrinthine [TL] , or middle fossa [MF]); and extent of resection. Extent of resection was judged by the independent intraoperative impression of the neurosurgeon and neurootologist, and correlated to the initial 3-month follow-up MRI scan reviewed by a neuroradiologist who was blinded to the surgeon's description of the extent of resection. Resection was categorized as gross total (when no residual tumor was seen at surgery or on MRI), near total (when a tumor remnant smaller than 5 × 5 × 2 mm was intentionally left and was not visible on MRI), or subtotal (when anything more than the remnant left in a near-total resection was left behind).
Statistical analysis was performed using JMP software. Univariate regression was used to assess for strength of association between collected variables and a postoperative CSF leak. The BMI was analyzed as both a categorical and continuous variable, whereas patient age, tumor size, and length of operative time were analyzed as continuous variables only. All other variables were categorical. Variables with a p value of ≤ 0.05 on univariate testing were included in multivariate modeling.
results patient Demographic Data
A total of 462 patients with VSs underwent resection over the study period. Five patients were excluded because they developed delayed CSF leaks, beginning between 10 months and 4 years after surgery. Therefore, 457 patients remained for the final analysis. The mean age of patients was 48 years (range 14-86 years), with females comprising 52% of the cohort. Patients had a mean BMI of 28 kg/ m 2 (range 12.7-50.4 kg/m 2 ); 37% were classified as overweight (BMI 25-29.9), 30% were obese (BMI 30-39.9), and 4% were morbidly obese (BMI ≥ 40). The mean tumor diameter was 2.7 cm (ranging from intracanalicular to 5.5 cm) as measured at the largest posterior fossa dimension. A total of 32 patients (7%) underwent prior radiation and/ or surgery (radiation in 17, surgery in 15). The most common surgical approach was an RS approach (56%), followed by TL (36%) and MF (8%) approaches. The mean operative time was 6 hours and 13 minutes (range 107-760 minutes). Extent of resection was gross total in 71% of tumors, near total in 13%, and subtotal in 16%.
Forty-five patients (9.8%) developed postoperative CSF leaks within 30 days of surgery. Of these, 12 patients had leakage from the wound and 33 had otorhinorrhea. A com-
FIG. 1. Axial image from a head CT obtained without contrast, demon-
strating a large pseudomeningocele in a 68-year-old man with a BMI of 42 who underwent resection of a right-sided 3.3-cm VS via an RS approach. Postoperatively he developed CSF rhinorrhea that was treated with oversewing of his ear canal and obliteration of the middle ear. Ultimately he required a ventriculoperitoneal shunt due to symptomatic hydrocephalus. (17) GTR = gross-total resection; NTR = near-total resection; STR = subtotal resection. * Unless otherwise specified, the values denote number of patients (%).
parison of demographic data between patients who developed a leak and those who did not is shown in Table 1 .
regression analysis
Results of the univariate regression analysis are summarized in Table 2 . No significant associations were found between the development of a postoperative CSF leak and patient age, sex, tumor size, prior tumor treatment, or extent of resection. There was a trend for patients with right-sided tumors to have an increased rate of CSF leaks, although this was not statistically significant (OR 1.73, 95% CI 0.93-3.31; p = 0.09). Length of operative time did significantly correlate with the development of a postoperative CSF leak; the mean operative time in those who developed a leak was 7 hours and 14 minutes compared with 6 hours and 8 minutes in those who did not (OR 1.04, 95% CI 1.02-1.07; p = 0.0006). A significant association was also found between CSF leaks and a TL approach, with leak rates of 15% compared with 7% among other approaches (OR 2.5, 95% CI 1.3-4.6; p = 0.005). Finally, BMI was a significant predictor of postoperative CSF leaks; those classified as overweight (BMI 25-29.9), obese (BMI 30-39.9), or morbidly obese (BMI ≥ 40) had a 2.5-, 3-, and 6-fold increased risk, respectively ( Table 3) . Length of operative time (p = 0.0007), a TL approach (p = 0.02), and BMI (p = 0.04) each remained independent predictors of a postoperative CSF leak in multivariate modeling.
Discussion elevated BMi as a risk Factor for a csF leak
Many factors potentially contributing to the development of a postoperative CSF leak following VS surgery have been described. Whereas factors such as age, sex, and tumor size did not correlate with the occurrence of a CSF leak in our series, other studies have reported these factors to be significant. 4, 5, 11, 20 These factors, among others, are fixed variables and, therefore, even if believed to influence the likelihood of a postoperative CSF leak, can only be used to counsel patients with regard to their risk of this complication. The fixed nature of these variables prevents either the surgeon or the patient from altering their effect.
Body mass index, however, is not fixed but modifiable. Since 1960, the prevalence of obesity among adults in the US has tripled, now becoming a health care epidemic affecting more than one-third of the population. 9, 10 It has been well established that obesity is an independent risk factor for the development of surgical site infections and other systemic postoperative complications. 1 Recently there has been growing evidence that obesity is also a risk factor for development of spontaneous temporal bone CSF leaks. 6, 12, 17, 21 In contrast, little has been written regarding the possible association between obesity and the occurrence of a CSF leak following VS surgery. 8, 14 Diaz Anadon et al. studied 170 patients who had undergone surgery for tumors in the cerebellopontine angle (163 of whom had a VS) and found no relationship between CSF leaks and BMI. On the contrary, Mantravadi et al. evaluated 134 patients (83 of whom had a VS) and concluded that BMI was a significant predictor of CSF leaks in patients undergoing removal of tumors in the cerebellopontine angle (OR 1.10, p = 0.004). When compared with these two prior studies, our series is unique in that we reviewed a much larger cohort of 457 patients, all of whom exclusively underwent VS resection. Similar to Mantravadi et al., we too found that obesity (BMI ≥ 30) increases a patient's likelihood of developing a postoperative CSF leak, with these patients having a 3-fold increased risk. Somewhat surprisingly, an increased risk even extended to those individuals who were classified as simply overweight (BMI 25-29.9); they had a 2.5-fold increased risk of CSF leakage.
The reason why an elevated BMI makes one prone to develop a CSF leak is not entirely clear. Obesity is known to adversely affect wound healing; 14 however, altered wound healing alone seems unlikely to account for the increased risk of a CSF leak because only 12 of 45 patients experienced leakage through their incision. A more convincing reason is that overweight individuals may have elevated intracranial pressure (ICP) at baseline. This has been noted by several authors, particularly in patients with spontaneous CSF leaks and idiopathic intracranial hypertension. 7, 12, 17, 21, 22 It has been demonstrated that intraabdominal pressure in obese patients is elevated and that this in turn translates into higher intrathoracic and cardiac filling pressures, thus decreasing venous return from the brain and ultimately increasing ICP. 22 Some have postulated that the increased amount of estrogen produced by adipose tissue in obese patients may play a role in the development of elevated ICP-abnormally high levels of estrogen have been found in the CSF of obese patients with idiopathic intracranial hypertension. 23 Finally, obstructive sleep apnea, often associated with obesity, may elevate ICP via cerebral vasodilation resulting from hypoxia and hypercapnia. 13, 15 The aforementioned reasons lend support and a rationale as to why patients with an elevated BMI have a higher risk of a postoperative CSF leak.
Identifying an elevated BMI as a risk factor for a postoperative CSF leak is important not only because it can allow surgeons to identify and appropriately counsel patients at increased risk preoperatively, but it also allows the opportunity to modify this risk. For what is most commonly a nonemergency, elective operation, patients could be encouraged to lose weight prior to proceeding with surgery. Weight loss could also help prevent many of the other perioperative complications known to have an increased risk in obese patients. Recognizing, however, that certain symptomatic tumors may not allow for such a strategy and that to a patient the abstract risk of a CSF leak is unlikely to be enough incentive to accomplish substantial weight loss, the treating surgeon can still use other strategies to attenuate this risk. For example, a lumbar drain could be placed at the time of surgery and continued postoperatively for a short duration in hopes of decreasing the likelihood of developing a leak. A lumbar drain may have the added benefit of aiding the surgeon in accessing what could otherwise be a tight posterior fossa in those patients with elevated baseline ICP. Additionally, when operating on an overweight patient via a TL approach (also a risk factor for a CSF leak), the surgeon could choose to oversew the external ear canal and obliterate the middle ear space. This has traditionally been a technique we have reserved for patients requiring reoperation to fix a postoperative CSF leak, but it could be used prophylactically at the time of the initial operation in those patients at increased risk. Alternatively, an RS approach could be favored in all patients with an elevated BMI, unless there is a compelling reason to operate using a TL procedure.
Other risk Factors for a csF leak
We found that the TL approach had an increased risk of developing a postoperative CSF leak compared with either the RS or MF approaches. This is in keeping with findings reported by others, 19 although some have not experienced any difference between approaches regarding the leak rates. 3, 4 Despite this difference in leak rates in our series, however, we still commonly use the TL approach. We also found a significant association between longer operative times and the development of postoperative CSF leaks. Although the reasons are not entirely clear, we speculate that this may be reflective of surgeon fatigue. In addition, a longer operative time may allow for accumulation of more blood and proteinaceous debris in the CSF, thereby inhibiting normal CSF circulation postoperatively and causing at least a transient communicating hydrocephalus. Last, although it did not reach statistical significance, we did find a trend for an increased risk of a CSF leak in patients with right-sided tumors. The reason for this is again speculative, but may be due to occult occlusion of the adjacent, typically dominant, sigmoid sinus after prolonged retraction, especially when the TL approach is used. This could result in elevated ICP and predispose the patient to development of a postoperative CSF leak.
study limitations
Our study is a retrospective review and is therefore prone to the biases associated with this research method. Additionally, although some authors have concluded that nuances of surgical technique, primarily with respect to closure, may in fact have the biggest impact on CSF leak rates, we chose not to discuss this in detail. 16 Although we do not doubt the importance of a meticulous closure technique in preventing a CSF leak, any meaningful comparison between techniques is limited by the fact that nuances vary so tremendously among surgeons and that the reported effectiveness of different techniques is mostly anecdotal.
conclusions
Elevated BMI is a risk factor for the development of a postoperative CSF leak following VS surgery. Recognizing this preoperatively can allow surgeons to better counsel patients regarding the risks of surgery as well as perhaps to alter perioperative management in an attempt to decrease the likelihood of developing a leak. Patients undergoing a TL approach or having longer operative times are also at increased risk of a postoperative CSF leak.
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